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Abstract — A small troglobiontic coelotine spider is described under the name of Coelotes 
troglocaecus sp. n. found in limestone caves on Okinawa Island, Japan. This is the first record 
of an eyeless coelotine spider. Morphological description is given in comparison with a 
sympatric Coelotes okinawensis. Extensive field survey over the Ryukyu Islands showed that 
the new species is endemic to Okinawa Island, where it has been found rather widely but 
exclusively in limestone caves. The population density was extremely low, and the facts that 
only females have been collected and that they have extremely degenerated structures in 
epigynum projections and degenerated copulatory opening for coupling strongly suggest parth- 
enogenetic reproduction. It has some additional morphological traits which seem adaptive to 
the life in the caves. Specialization to cave habitat is discussed in relation to the geological 
history of the Ryukyu Islands. 
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There has been no record of eyeless coelotine spiders from Japan. Shimojana 
(1977, 1979, etc) has conducted arachnological surveys in the Ryukyu Islands and 
investigated the spider fauna at 1,013 localities including 260 limestone caves (Table 1). 
Our extensive survey yielded four adult and three subadult specimens of eyeless spiders 
belonging to the genus Coelotes. Since 1971, we have been trying intermittently to find 
males of this undescribed species, but this was not successful. 

This undescribed species is characterized by morphological traits such as eyeless¬ 
ness, a degenerated copulatory opening, degenerated reproductive organ (spermathecae, 
spermathecal duct), body coloration and thin skin, etc. This troglobiontic coelotine 
spider is very rare with very low population density in Okinawa Island. The degenerat¬ 
ed morphological characters of reproductive organs, restricted habitat and a low popula¬ 
tion density strongly suggest a possibility of parthenogenesis. 

In this paper, we describe this eyeless coelotine spider under the name of Coelotes 
troglocaecus sp. n. Additionally, we compare it with the sympatric Coelotes okinawen¬ 
sis Shimojana 1989. Furthermore, we discuss its geographical distribution in relation 
to the geological history of Okinawa Island. 

Materials and Methods 

Materials studied for description were collected in limestone caves on Okinawa 
Island. Morphological characters were examined using a Leica MZ12 binocular 
microscope equipped with a drawing device. All measurements are in mm and taken 
using a micrometer attached to the binocular microscope. Measurements of chelicerae. 
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palpi and legs were taken in both lateral sides. For describing spiniformation, a new 
spiniformation formula was proposed for legs (see description). Coloration of holotype 
was recorded when the specimen was alive, but that of the paratypes are based on the 
specimens kept in 10% ethanol solution. Three subadult specimens were not used for 
the present study. 

Paratypes do not have abdomens, because they were used for the examination of 
internal genitalia. Because the most striking and remarkable morphological character 
of the species is the absence of eyes, we included these specimens in this study. 

Coelotes troglocaecus sp. nov. 

[Japanese name: Okinawa-horaanayachigumo] 

(Figs. 1-12, 16-27) 

Type and type locality: The female (holotype) was collected in Nobaru-gama cave 
at Motobu Peninsula on Okinawa Island in the Ryukyu Islands (Fig. 1) on 22 July 1978 
by M. Shimojana. Additional two adult specimens available were also all females 
(paratypes). One of them was collected on 9 September 1972 from the same cave, and 
another one was collected on 8 July 1972 from the Maya-gama cave (Fig. 1). The 
holotype is deposited in the collection of Department of Zoology, National Science 
Museum (Nat. Hist), Tokyo. 

Habitat: Only known from limestone caves. We have conducted a field survey at 
about 1,013 localities outside of caves (Table 1), yet not a single specimen has been 
found. This fact strongly suggests that the species is troglobiontic. 

Etymology: This spider is a true cave dweller, and was named after its restricted 
habitat. 

Diagnosis: This species is characterized and distinguished from other congeners by 
lacking eyes (Figs. 2, 3), diminutive projections on the epigynum and simple structure of 
genitalia (Figs. 10-12), pale coloration of spines, thin cuticle, lacking ring flecks (Fig. 2), 
decreased number of teeth of lower claws of tarsi of all legs (Fig. 17), and abdominal 
dorsal surface lacking chevron marks (Fig. 2) (see description). 

Description: Female (Holotype): Total length 5.46 mm; cephalothorax 2.40 mm long 
and 1.60 mm wide; abdomen 3.00 mm long and 1.60 mm wide, ellipse-shaped without 
chevron marks, and dorsal surface covered evenly by pale short hairs. The ratio of 
cephalic region 10: 16. The ratio of height of head to that of thorax 14: 10. The eyes 
entirely absent (Figs. 2, 3). Clypeus with one long and four short bristles (Fig. 5). 
Median furrow distinct, 0.32 mm long (Fig. 3). Cervical grooves and three pairs of 
radial furrows distinct (Figs. 2, 3). Both frontal corners of head weakly chitinized (Fig. 

3). 

Chelicerae geniculated, 0.96 mm long and 0.70 mm wide, with a lateral condyle 
(Fig. 5). Promargin of fang furrows with three teeth and retromargin with two teeth 
(Fig. 6). Number and arrangements of the left marginal teeth (promargin/retromargin) 
same as on the right side. Fang 0.9 mm long and hook-shaped (Figs. 5, 6). 

Maxilla longer than wide 17: 10 in ratio, dorsal side with many long bristles (Fig. 
7). Inner edge of maxilla slightly curved with a serration. Labium wedge-shaped, 
extending beyond the middle of maxillae, slightly wider than long 20: 19 in ratio, with 
some long and short hairs, the notch of the labium distinct (Fig. 7). Sternum shield¬ 
shaped, slightly inflated, longer than wide 13: 10 in ratio (Fig. 8). Anterior margin of 
sternum gently undulated, covered with many short hairs interspersed with bristles and 
their lengths increasing towards marginal direction (Fig. 8). Posterior process of 
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Fig. 1. Location of the Ryukyu Islands (insertion) and the distribution of the caves 
where spider faunal surveys were conducted. Since Coelotes troglocaecus sp. n. has 
been found in several limestone caves only on Okinawa Island, localities of caves 
surveyed on other island groups are not shown. For the total number of localities 
visited for spider surveys, see Table 1. Solid circles indicate locations of caves surveyed 
where Coelotes troglocaecus sp. n. was not found; open circles indicate localities of caves 
where Coelotes troglocaecus sp. n. was found. 1, Nobaru-gama cave, Motobu Village 
(Motobu limestone); 2, Nishibumabaru cave, Nago City (Motobu limestone); 3, 
Tametomo-no-hora’ana cave, Nakijin Village (Ryukyu limestone); 4, Nisshu-do cave. 
Kin Village (Ryukyu limestone); 5, Yaejima-no-iwaya cave, Okinawa City (Ryukyu 
limestone); 6, Maya-gama cave, Ginowan City (Ryukyu limestone) 


Sternum pointed with some long hairs (Fig. 9), 1.06 mm long, separating coxae of legs 
IV. 

Diminutive epigynal projections of this new species situated anteriorly of epigynum, 
widely separated from each other (Figs. 10, 12). Copulatory opening and duct indis¬ 
tinct. Internal genitalia visible through very thin cuticle from ventral side of abdomen 
(Fig. 11). Spermathecae small, widely separated, spermathecal bases not apparent. 

Measurements of segments of legs, palpi and numbers of teeth of tarsal claws are 
shown in Table 2. Legs IV longest (Fig. 2), ratio of length of leg IV to that of leg III 13: 
10. Leg formula 4, 1, 2, 3. The lengths of left and right legs not strictly identical, but 
slightly different for all legs (Table 2). Number of teeth on upper tarsal claws (Fig. 17) 
slightly dissimilar for any pair of legs and increasing from legs I to IV. The number of 
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Figs. 2-3. Coelotes troglocaecus sp. n. (holotype, female). — 2, Dorsal view (hairs and 
bristles omitted, dashed line indicates broken spines); 3, surface of the carapace (dorsal 
view) 


teeth on each lower claw the same for all legs except for leg IV (Table 2). The 
trichobothria are located always on mid-dorsal surface, the number of trichobothria is 
six lying on metatarsi of legs I to III, and seven on those of leg IV, five on tarsi of legs 
I to III and six on those of leg IV. The lengths of trichobothria on metatarsi and tarsi 
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Figs. 4-12. Coelotes troglocaecus sp. n. (holotype, female); 4, lateral view of body 
(hairs and bristles are omitted); 5, frontal view of head and chelicerae; 6, marginal teeth 
and fang of left chelicera (inner view); 7, ventral view of maxillae and labium; 8, ventral 
view of sternum; 9, process of sternum (ventral view); 10, ventral view of epigynum; 11, 
dorsal view of genitalia; 12, lateral view of epigynum, p indicates the projection, ep 
indicates the epigastric furrow; 13-15: Coelotes okinawensis (female) from Nobaru- 
gama cave, Okinawa Island; 13, ventral view of epigynum; 14, dorsal view of genitalia; 
15, lateral view of epigynum; p indicates projection, ep epigastric furrow. Is lung slit. 
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Figs. 16-24. Coelotes troglocaecus sp. n. (holotype, female, left leg III); 16, retrolateral 
view (trichobothria omitted); 17, teeth on tarsal claws (lateral view); 18, lateral view of 
distal spines of metatarsus with distal trichobothrium; 19, ventral view of distal spines 
of metatarsus; 20, dorsal view of femur; 21, dorsal view of patella and tibia; 22, ventral 
view of tibia; 23, dorsal view of metatarsus (trichobothria omitted); 24, ventral view of 
metatarsus. 25-26: Trichobothria on tarsus and metatarsus of Coelotes troglocaecus sp. 
n. (holotype, female, right leg III); 25, retrolateral view of tarsus (bristles and hairs 
omitted); 26, retrolateral view of metatarsus (bristles and hairs omitted). 


Acta Arachnologica, 49 (1), July 2000 




36 


M. Shimojana & M. Nishihira 


definitely increasing distally, distal ones always being longest and proximal ones shortest 
(Figs. 25, 26). The length of trichobothria on metatarsi and tarsi ranging from 0.08 to 
0.94 mm. The positions of trichobothria on tarsi of each leg are similarly on left and 
right legs but trichobothrial lengths on metatarsi and tarsi are slightly different on both 
sides. 

Arrangements of spines on leg segments and spiniformation are presented in Fig. 27. 
The spiniformation formula introduced in this study consists of numbers 0 to 3, and 
small letters 1, r and d, which are shown either in parentheses or not. I to IV show leg 
I to leg IV. In the description, numbers indicate numbers of spines, r in parentheses 
means right and 1 means left, and if there is neither r nor 1, it means right and left have 
equal spiniformation. Spiniformations on each segment of Coelotes troglocaecus sp. n. 
are as follows; Femora: dorsal I and IV(r) 1-0-1-2-1,11(1) and III 1-2-1-2-1, II(r)l-l- 
1-1-1, IV(1) 1-1-1-2-1, (r) 1-0-1-2-1; retrolateral I 0-0-1; Patellae: dorsal I to IV Ip-la, 
III 0-1 a(r), retrolateral III to IV Im; Tibiae: dorsal I to II 1-0-1, III 1-1-1, prolateral 
III(l) • IV(1) 0-0-1, retrolateral I. Ill 0-1(1). IV 0-1-1, II and III (r) 0-0-1, ventral I to 
III(l) 2-2-0, Ill(r) and IV 2-2-1; Metatarsi: dorsal III(l) and IV 2-2-2, Ill(r) 2-0-2. 
prolateral III(l) 0-1-Id. Iv, Ill(r) 1-1-Id, IV(r) 1-0-Id, retrolateral 1(1) to III(l) 0-0-Id., 
1 V, Il.III(r). IV(r) 0-1-1, IV(1) 0-0-ld, ventral I. II. Ill 2-2-ld, IV 2-2-2-3d(l), 2-2- 
l(r). Tarsi: prolateral 1(1), III and IV(1) 0-1-0, retrolateral III and IV. 0-1-0; Ventral III 
and IV 0-1-1. 

The positions and the numbers of spines on each segment of leg I are similar on left 
and right legs except for tarsi, while leg IV bears 40 to 41 spines with their positions on 
each segment differring on left and right legs. The latero-ventral spines on metatarsi of 
legs II and III appear only on distal end of both segments (Fig. 18). 

Morphological characters of Coelotes troglocaecus sp. n. and sympatric C okin- 
awensis are compared (Table 3). Table 3 and Figs. 10-15 give comparison of the 


Table 3. Comparison of female morphological characters of Coelotes troglocaecus sp. n. and 
sympatric C. okinawensis. 

C. troglocaecus C. okinawensis 


Total length (mm) 

5.46 

Body color 

Pale brown 

Flecks on carapace 

Absent 

Eyes 

Cheliceral teeth 

0 

Promargin 

3 

Retromargin 

2 

Ring flecks on legs 
Tarsal claws (mm) 

Absent 

Upper claw 

9 to 11 

Lower claw 

Flecks on abdomen 

2 

Dorsal surface 
Epigynum 

Absent 

Shape 

Smooth 

Copulatoy opening 

Absent 

Projection 

Dimunitive, 

Very small 

Genitalia 

Poorly developed 

Spermathecae 

Simple structure, 
Widely separated 


7.91 

Grayish brown to blackish brown 

Present 

8 

5 

4 

Present 

10 to 13 
4 

Chevron flecks 

Spirally concaved 
Well developed 
Well developed 

Long, strongly pointed and cuticularized 
Well developed 
Long, convoluted 
Close together 
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Fig. 27. Spiniformation of legs of Coelotes troglocaecus sp. n. (holotype, female). 


external features and genital structure of the both species. This new species is trog- 
lobiontic spider, its body is smaller than that of C okinawensis. It is easily distin¬ 
guished from C. okinawensis and other congeneric species by the absence of eyes (Figs. 
1, 2), the pale coloration of body and spines, reduced numbers of marginal teeth of 
chelicerae and teeth on lower tarsal claws (Fig. 17), the absence of flecks on dorsal 
surface of carapace and abdomen, legs without ring flecks (Fig. 2), the diminutive 
projections on the epigynum and simple structure of genitalia (Figs. 10-12, Table 3). 

Remarks: This new species lives freely under stones or weaves a simple sheet web 
among stones on the cave floor. Unlike Coelotes okinawensis, this species does not 
weave a tubular nest. On 8 July 1972, Shimojana witnessed this spider grasping and 
eating a juvenile cave cricket Diestrammena apicalis in Maya-gama cave (for locations, 
see Fig. 1). This event indicates that C. troglocaecus does not seem to employ the snarer 
foraging, but hunts moving prey on the cave floor. 
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Discussion 

In total and until 1998, 68 species of coelotine spiders have been reported from the 
areas around Japan including the Ryukyu Islands (35 spp.) (Nishikawa 1972, 1974, 
1983a; Shimojana 1982, 1989; Yaginuma 1977, 1986, etc.), Taiwan (7 spp.) (Wang & 
Ono 1998), Korea (14 spp.) and China (12 spp.) (Namkung 1980; Paik 1978; Schenkel 
1936, etc.;). There are great differences between local faunistic data, but one species, 
Coelotes luctuosus (Koch 1878), is distributed all over these districts, except for Taiwan 
(Wan & Ono 1998). 

Two species, Coelotes luctuosus and C corassides, are distributed in Korea and 
China. Of seven species of coelotine spiders, six from Taiwan except for C. xinhuiensis 
are endemic to Taiwan (Wang & Ono, 1998). Five species including C okinawensis, C. 
yaeyamensis, C urumensis, C. kumensis and C. amamiensis are distributed in the middle 
and south Ryukyus, all of which are endemic to the Ryukyu Islands (Shimojana 1982, 
1989). 

A total of 19 species of cave-dwelling coelotine spiders have been reported from 
Japan (Shimojana 1979, 1982, 1989; Yaginuma 1963), Korea and China (Yaginuma 
1976), seven of which were collected from limestone caves, six species from lava caves 
and the remaining four species from abandoned mines (Nishikawa 1972). 

Cave spider fauna in the Ryukyu Islands has been studied by Shimojana (1977). 
Since then, extensive investigations have been carried out from 1978 to 1980, and 260 
caves including five abandoned artificial caves (shelters) were searched for spiders. 
Five coelotine spider species were obtained from 48 limestone caves on Okinawa Island 
and adjacent islands (Shimojana 1982, 1989). All the species of the genus Coelotes so 
far recorded from Japan have usually eight eyes and are brown or blackish brown in 
body coloration. This fact suggests that these species are troglophilic and scotophilic, 
but not troglobies. 

The discovery of the eyeless coelotine spider Coelotes twglocaecus sp. n. from the 
Ryukyu limestone caves on Okinawa Island is remarkable. This new species has been 
found only from six limestone caves that are located at 60 to 80 m in altitude. 
Therefore, the geographical distribution of this species may be a result of the past rise of 
sea level during Quarternary. Some of these limestone caves are distributed in the older 
Motobu limestone area formed in the Permian era and the others in the Ryukyu 
limestone area developed in the Pleistocene. However, we could not find any difference 
in morphological characters between the individuals collected in these two kinds of 
limestone caves. It may be necessary to conduct a further intensive survey for the 
distribution of this species in relation to the geological history of the Ryukyu Islands. 

It is difficult to discuss individual variations in the morphological characters of 
Coelotes twglocaecus sp. n. because only six specimens were collected, but certainly this 
species must be considered as smallest among the genus Coelotes. Although we have 
devoted great efforts in finding more specimens, especially males, neither a sufficient 
number of specimens nor even a single male could be found (Shimojana 1977, 1979, etc.). 

Coelotes okinawensis, which occurs often sympatric with C twglocaecus, is widely 
distributed in Okinawa Island and adjacent islands such as Izena, Kouri, Yagaji and 
Miyagi Isis., etc. Sometimes, Coelotes okinawensis has been collected in caves of 
Ryukyu limestone, but the morphological character of this species was not different from 
that of individuals living outside the caves in the same locality (pers. observ.). 

According to previous studies, only two species have been known from Japan as 
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eyeless troglobiontic spiders (Yaginuma 1972, 1986; Nishikawa 1983; Shimojana 1979, 
Irie 1998): Comaroma nakahirai (Yaginuma 1959) (Anapidae) and Cybaeus itsukien- 
sis Irie 1998 (Cybaeidae). But in some individuals of a limited number of species such 
as Leptoneta caeca (Yaginuma 1972) and L. longipalpis (Leptonitidae) (Komatsu 1957) 
and Ablemma shimojanai (Tetrablemmidae) (Shimojana 1979), degeneration of eyes 
have been reported in various degrees. These three species are small, their body lengths 
being 1 to 3 mm, and usually they have four to six eyes. 

Coelotes troglocaecus is also small-sized, eyes and body color are completely 
degenerated (Figs. 2, 3). This species is a single troglobiontic coelotine spider, and the 
first eyeless coelotine spider ever recorded in Japan. The degenerated eyes, pale body 
coloration, and relatively long trichobothria seem characters adaptive to the cave 
environment, and such morphological adaptations have been commonly seen in true 
cave dwelling species including Apozomus daitoensis (Arachnida, Hubbardiidae) 
(Shimojana 1981) and Galloisiana bigryogensis (Coleoptera; Garyllobatidae) (Namkung 
1974). 

Seasonally, adults of Coelotes okinawensis appear in late October and the egg- 
cocoons are found in late December. Adult females of Coelotes troglocaecus sp. n., on 
the other hand, were found from July to August, which is about 2 to 3 months earlier 
than the appearence of the sympatric congener C. okinawensis (unpubl. observ.). 

Morphologically, the female of this species is distinguished by very diminutive 
sexual organs which bear only a single pair of small thin epigynal projections, degenerat¬ 
ed copulatory openings, and simple structure of internal genitalia such as spermathecae 
and spermathecal ducts (Figs. 10-12), from any other Japanese congeners (compare Figs. 
10-12 with Figs. 13-15 drawn for Coelotes okinawensis, a sexual congener. Also see 
Table 3). These degenerative features of genital organs, in combination with the fact 
that no males of the species have been found in spite of extensive and intensive searches, 
strongly suggest occurrence of thelytokous reproduction in this species. Thelytoky has 
been reported in a few species of spiders such as Dysdera hungarica (Dysderidae) 
(Deeleman-Reinhold 1986; Gruber 1990), Theotima feminina (Ocyroceratidae) (Ma¬ 
chado 1964), and Isopoda insignis (Sparassidae) (Lake 1986), though the phenomenon 
seems to be much rarer in spiders than in harvestmen (Tsurusaki 1986). It has been 
often said that thelytoky is likely to be found in animals with low vagility or in animals 
isolated in a small restricted habitat, such as oceanic islands or caves (Tsurusaki 1983, 
1986). In accordance with the statement, Theotima feminina is a cave dweller (Ma¬ 
chado 1964) and Dysdera hugarica lacks ballooning (Deeleman-Reinhold 1986). 
Coelotes troglocaecus, an eyeless troglobie, may be another example of the rule. 
Further study including rearing experiments is needed for the confirmation of the 
thelytoky in this species. 
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